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Lack of Residual Influence from Subsoil Fertilization 
of A Sugarcane Plant Crop upon the Succeeding 
Ratoon Crop: 


M. B. Martinez and M. A. Lugo-Lépez* 
INTRODUCTION 


In a previous paper (2)* the beneficial effect of subsoil fertilization on 
sugar yields of a sugarcane plant crop was reported. Yield increases of over 
15 percent in a low productive soil were attributed to subsoil fertilization. 
In that work some of the plots received all the fertilizer on the topsoil, as 
is customary in sugarcane fields, while in others the fertilizer application 
was split equally between soil and subsoil (16-26 inches depth). 

The results of this work helped to clarify the apparent discrepancies 
found in current literature concerning the practical aspects of deep tillage. 
Although the breaking of plowpans and loosening of tight subsoil layers 
have proven beneficial to crops in some of the older agricultural areas, no 
effects on crop yields have been reported from deep tillage in various other 
places. In the report cited (2) the increases in crop yields could not be at- 
tributed to deep tillage, as such, but rather to the more favorable fertility 
level of the subsoil following treatment. 

It was then said (2): “Furthermore, in soils with subsoils in favorable 
physical condition, the addition of plant nutrients will also promote better 
root development. If the conditions that influence root extension are favor- 
able both from the standpoint of tilth and nutrient availability, better crop 


1 This is the third in a series of articles by the same authors, the first two of which 
were published under the general title ‘‘Tillage Tests.’’ The previous articles in the 
series were: I, Effect of subsoiling and mole drainage upon the minimum infiltration 
capacity of a heavy claypan soil of the Tropics, J. Agr. Univ. P. R. 36 (2) 179-85 1952; 
and II, The beneficial effect of subsoil fertilization on sugarcane yields, J. Agr. 
Univ. P. R. 87 (1) 35-43 (1953). 

*Research Assistant in Agricultural Engineering and Associate Soil Scientist, 
tespectively, Agricultural Experiment Station, University of Puerto Rico, Rio 
Piedras, P. R. Appreciation is expressed to O. L. Heyn and R. Me.Connie of the 
Eastern Sugar Associates who provided all the materials and labor required to con- 
duct the work herein reported. 

‘Numbers in parentheses refer to Literature Cited, p. 127. 
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yields are likely to be obtained.” It was further stated that: ‘The residual 

effect of the original subsoil fertilization remains to be determined in suc- — Tast 

ceeding ratoon crops. It might prove advantageous to fertilize the subsoil] = in: 

yearly.” 
This paper reports the data obtained on the first-ratoon crop of the pre- treat 

viously mentioned experiment where a study was conducted to determine =e! 

the residual effect, if any, of subsoil fertilization of the plant crop upon the 


succeeding ratoon crop, i. e., 28 months after the establishment of the treat- 


ment differentials. 1 
EXPERIMENTAL PROCEDURE : 
: A summary of some of the relevant field information derived from this : 
a experiment is given in table 1. Additional details for each soil treatment are : 
given in table 2. The treatment differentials were established some 28 7 
months prior to the harvest of the ratoon crop herein reported. In treat- — 
ments Nos. 3, 5, 7, and 9, a 13-3-12 fertilizer was applied to the subsoil at 8 
the rate of 1,000 pounds to the acre. In treatments Nos. 4, 5,8, and9,an | 
i: application of limestone, at the rate of 1,000 pounds to the acre, was made . 
y at the subsoil breakpoint. Two applications of the same fertilizer were made — 
later, to a total of 2,000 pounds to the acre. The first and second surface 
applications of fertilizer were at only half the rate for plots fertilized at the L. 8. 
subsoil as for those that had not previously received this subsoil treatment. At | 
The ratoon cane was fertilized uniformly with sulfate of ammonia at the At 
: rate of 1,200 pounds to the acre about 2 months after harvesting the plant . = 
b crop and aligning the trash in alternate banks. Other agronomic practices ing 
TaBLE 1.—Summary of soil-fertilizer treatments and other field information from the ye ) 
tillage-experimental field in east-central Puerto Rico At 1 
Item Information Item Information “1G 
Design Triple lattice Mean differences in | were 
Replications 9 plant-crop yields aaa 
Plot size 200 x 20 feet favoring subsoil 
Sugarcane variety P.O.J. 2878 fertilization 14 ewt. of sugar Th 
Soil type Caguas silt loam | Date of treatment | Jan. 17-24, 1951 differ 
Summary of fertilizer Date of planting Feb. 7-21, 1951 crop. 
treatments: ; Date of plant-crop | Apr. 21-26, 1952 field ; 
Nos. 1, 2, 4,6, 8 | 2,000 Ib. of a 13-3-1 harvest Th 
fertilizer to top- || Date of ratoon-crop| June 12-15, 1953 ey 
soil harvest samp 
Nos. 3, 5, 7, 9 1,000 Ib. of a 13-3-12} 
fertilizer to sub- 
soil + 1,000 to Th 
topsoil given 


| 
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SUCCEEDING RATOON CROP 


TaBLE 2.—First ratoon-crop sugar yields for each treatment at tillage-experimental field 
in east-central Puerto Rico, showing other treatments occurring in the same group 
according to statistical design used 


identifica- Soil treatment! treatments in yields 
tion No. the same group 
Cwt. per 
acre 
1 Check (usual land preparation) 2, 3, 4,5,7,9| 82.9 
2 Subsoiling 1, 3, 5,6,7,8] 80.1 
3 Subsoiling with fertilizer on subsoil 1, 2, 4,6,8,9) 76.2 
4 Subsoiling with lime on subsoil 1,3, 5,6,7,8| 82.7 
5 Subsoiling with fertilizer and lime on subsoil | 1, 2, 4,6,8,9}| 88.8 
6 Subsoiling and mole drainage 2,3, 4,5,7,9]| 82.6 
7 Subsoiling and mole drainage with fertilizer on 
subsoil 1, 2, 4,6, 8,9); 85.9 
8 Subsoiling and mole drainage with lime on sub- 
soil 2,3, 4,5,7,9| 81.3 
9 Subsoiling and mole drainage with lime and fer- 
tilizer on subsoil 1, 3, 5,6,7,8]| 70.8 
L.S. D. between means of treatments within the same group: 
At the 5-percent level yy 
At the 1-percent level 10.32 
L. 8. D. between means of treatments not within the same group: 
At the 5-percent level 8.13 
At the 1-percent level 10.86 


L. 8. D. between any treatments, irrespective of grouping system (approximate) : 
At the 5-percent level 7.98 
At the 1-percent level 10.66 


1 Given 28 months prior to the second sugarcane harvest reported here. 


were performed as is customary in ratoon-cane cultivation in east-central 
Puerto Rico. 

The plant crop was harvested 14 months after establishing the treatment 
differentials and the first ratoon crop 14 months after harvesting the plant 
crop. At the time of harvest the cane from each plot was weighed in the 
field and samples of 20 canes each were taken at random from each plot. 
They were milled by a hydraulic Squier mill at the Station and the juice 
samples analyzed. 


RESULTS AND DISCUSSION 


The mean sugar yields of the first-ratoon crop for each treatment are 
given in table 2. Each treatment is described, and other treatments occur- 
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ring in the same group with each respective treatment are indicated. There 
were no significant differences between the mean yields of plots that re- 
ceived all the fertilizer on the topsoil and those on which the fertilizer ap- 
plication was split equally between topsoil and subsoil. In the plant crop, 
harvested 14 months earlier, significant differences were measured between 
the mean sugar yield of all plots receiving fertilizer in the subsoil and those 
receiving fertilizer only on the topsoil (2,3). 

However, it is evident from the ratoon-yield data that the application to 
the subsoil of a 13-3-12 fertilizer at the rate of 1,000 pounds to the acre, 
even though it benefited the plant crop, did not have any significant resid- 
dual effect upon the succeeding ratoon-crop yield. The possibility of using 
larger quantities of fertilizer for the original application should be consid- 
ered for future studies in areas like the one where this experiment is estab- 
lished, and where soils have a moderate exchange capacity of around 10 or 
12 m.e., with not more than 50-percent base saturation (1). 


SUMMARY 


Data are presented here on sugar yields obtained with a ratoon crop 
growing on a heavy-claypan soil subjected to different tillage treatments 
some 28 months prior to the harvesting date. In a previous harvest—that 
of the original plant crop 14 months following treatments—-significantly 
greater differences were measured favoring the plots which received half of 
the fertilizer on the subsoil over those receiving all the fertilizer on the 
topsoil. However, the data herein reported for the following ratoon crop in- 
dicate no residual effect from the original subsoil fertilization which could 
be measured in terms of sugar yields. 


RESUMEN 


Se presentan aqui datos sobre la produccién de aziicar de un primer 
retofo de cafia en un suelo pesado con un “claypan”, sometido a varios 
tratamientos 28 meses antes de la recoleccién de la cafia. En una cosecha 
anterior—la de la plantilla original efectuada a los 14 meses después de 
dados los tratamientos al terreno—se midieron diferencias significativas 
en los rendimientos. Estas diferencias favorecian las parcelas donde la 
mitad del abono se aplicé en el subsuelo y la otra mitad en la superficie, al 
compararlas con las que recibieron todo el abono en la superficie del suelo. 
Sin embargo, los datos que se informan aqui indican que la aplicacién 
original del abono al subsuelo no tuvo ningtin efecto residual sobre los 
rendimientos de azicar del primer retoiio. 
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SUBSOIL FERTILIZATION OF SUGARCANE CROP AND 
SUCCEEDING RATOON CROP 
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The Effect of Elevation on the Sucrose Content 
of Sugarcane 


M. A. Lugo-Lépez and B. G. Capé' 
INTRODUCTION 


In Puerto Rico sugarcane is grown under a wide range of climatic condi- 
tions, rainfall being the main variable, in a large number of soil types with 
many extreme soil conditions, and at various altitudes ranging from almost 
sea level to over 1,500 feet. A large number of varieties are grown and there 
are differences in fertilization and other cultural practices. The variability 
in sucrose yields is rather iarge with many extremely low levels. Studies are 
under way with the objective of determining the fundamental reasons 
underlying those variations. In previous and forthcoming papers (2,3,6)" 
the influences of weather and climate, varieties, and fertilizer upon sucrose 
yields at harvesttime have been and will be reported and discussed. 

It has been observed by many agriculturists that sugarcane grown at 
higher elevations yields juices richer in sucrose than when grown at lower 
altitudes. However, very little information is to be found in the available 
literature. Quintus (4) reported: “Besides rainfall, elevation above sea 
level affects the formation of saccharose. On estates situated at a high 
elevation, less cane is always produced, which disadvantage is partly or 
wholly made up by a greater sugar percent”. In 1919, a report from Ha- 
waii (5) recognized that, although there were differences in the behavior 
of cane varieties grown at different elevations, most varieties produced 
maximum sucrose at elevations of around 1,500 feet. The influence of ele- 
vation upon the sugarcane plant is, in all probability, closely related to 
climatic influences, particularly temperature. Geerligs (1) reported: “On 
plantations situated considerably above sea level the low night tempera- 
tures stop the growth and promote ripening”’. 

This paper presents data to show the effect of elevation upon the sucrose 
content of sugarcane grown in Puerto Rico. 


MATERIALS AND METHODS 


Data covering the period 1939-49 were gathered from a large number of 
commercial fields of east-central Puerto Rico. Elevations were obtained for 
each field by superimposing topographic maps over field-distribution maps. 
They were subsequently spot-checked with a Short and Mason aneroid 
barometer. The data were classified and grouped by varieties and altitud: 

1 Associate Soil Scientist and Associate Director for Research, respectively, Agt- 


cultural Experiment Station, University of Puerto Rico, Rfo Piedras, P. R. 
2 Numbers in parentheses refer to Literature Cited, p. 131. 
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intervals, disregarding climatic and edaphic differences. However, rainfall 
‘| (ifferences were not marked over most of the area studied and the differ- 
] mces in mean temperature were slight. Variations in soil types were numer- 
ous. Four sugarcane varieties were included in the study, namely, P.O.J. 
1878, B.H. 10(12), P.R. 803, and F.C. 916. The study includes data from 
(95 crops harvested during the 10-year investigation period at the various 
altitude intervals in an attempt to explain at least some of the variability 
observed. 


RESULTS AND DISCUSSION 


Table 1 summarizes the study of the relation between sucrose content at 
harvesttime and field elevation. The over-all picture indicates that sugar- 
cane grown at lower elevations tends to contain less sucrose than that grown 
at higher elevations. In general, the main differences occur in canes grown 
to 10 m. above mean sea level and canes grown at the highest elevations 
studied. The differences among the other class intervals are negligible. A 
differential response among varieties can also be observed in table 1. Some 


j varieties like P.O.J. 2878 and P.R. 803 yielded juices of very low sucrose 


content when grown at elevations ranging from 1 to 10 m. above mean sea 


TaBLE 1.—Mean yields of available 96° sugar-percent-cane of 4 sugarcane varieties 
when grown at various elevations 


Variety and number of crops Elevation (m.) Available 96° sugar yields 
Percent-cane 

Variety P.O.J. 2878: 
35 1-10 9.48 
170 10-100 11.52 
97 100-200 11.61 
49 200-400 11.72 

Variety B.H. 10(12): 
170 1-10 11.30 
47 10-100 12.13 
24 100-200 12.01 

Variety P.R. 803: 
6 1-10 9.42 
15 10-100 11.57 
23 100-200 12.04 
Variety F.C. 916: 
7 1-10 10.63 
6 10-100 11.56 
All varieties: 

242 1-10 10.94 
259 10-100 11.62 
144 100-200 11.79 
11.78 
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TABLE 2.—Monthly fluctuations in maximum, minimum, and mean temperature (°F.) was 
at 2 selected stations located at different elevations of a 
Temperature at indicated locations oa 
= Months Humacao (low elevation) Cayey (high elevation) : the 
: Maximum | Minimum Mean Maximum Minimum Mean 
January.......... 83.2 59.8 72.3 85.0 51.0 | 64 @ & 
; February......... 84.7 58.3 72.4 85.2 50.0 68.2 | titu 
87.0 59.0 74.3 86.8 50.7 70.6 Cus 
87.8 61.3 76.1 88.2 53.4 72.0 que 
88.5 | 66.3 78.7 90.5 | 56.5 | m2 
89.7 69.5 79.8 89.4 62.5 75.5 eln 
91.5 70.2 80.2 90.4 60.6 75.3 una 
September........ 90.6 69.2 78.9 88.8 60.3 75.2 I 
October. ......... 90.0 68.2 78.4 88.8 60.0 
November........ 87.2 64.2 75.9 88.2 59.7 73.4 , de} 
December. ....... 84.0 60.8 73.6 87.0 54.8 70.9 
: level. Others produced juices of better quality. The differences in sucrose 
mi yields among the leading varieties commercially grown in Puerto Rico 1. G 
have already been discussed (3). 
a Table 2 gives the monthly temperatures at two selected stations repre- : 
_ sentative of low and high sugarcane-producing areas: Humacao, on the 3. 1 
; east coast, and Cayey in the east-central mountains. In general, there is a 
4 difference in mean temperatures of about 4°F. between the two stations. 4.Q 
7 Differences in maximum temperatures are negligible, but differences in ba 
minimum temperatures are of the order of 8°F. on the monthly basis. Thus ‘ 
the sugarcane planted at high altitudes enjoys about the same benefits from 6.8 


sunlight, as measured by “total day-degrees’’, with the added advantage 
of much cooler nights than the sugarcane planted on low sites. Hence, the 
beneficial effect of relatively high altitudes upon sucrose yields may reflect 
the influence of cool nights. There is also the possibility of some parallelism 
between the effects of elevation and soil conditions. 


SUMMARY 


Data are presented to show the influence of elevation on sucrose yields 
of four varieties of sugarcane: P.O.J. 2878, B.H. 10(12), P.R. 803, and F.C. 
916. An over-all examination of the data from 695 crops harvested during 
a 10-year period, 1939-49, disclosed that elevations higher than 10 m. above 
mean sea level favor high sucrose accumulation in sugarcane. This effect 


3 Degrees above 70°F. for a given period. 
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was more pronounced with some varieties than with others. This influence 
of altitude is probably a reflection of climatic effects. Data are presented to 
show that cane growing at high elevations within a given area, enjoys about 
the same benefits from sunlight, as measured by “total day-degrees”’, with 
the added advantage of cooler nights. 


RESUMEN 


En este trabajo se presentan datos que demuestran cémo influye la al- 
titud a que se siembra la cafia de azticar sobre sus rendimientos de sacarosa. 
Cuando se hace un estudio de estos datos se percibe el hecho de que la cafia 
que se siembra a mas de 10 m. sobre el nivel del mar produce jugos mds 
ricos en sacarosa que la de sitios mds bajos. Este efecto de la altura sobre 
el mayor o menor contenido de sacarosa en la cafia es con toda probabilidad 
una accion refleja de los efectos del clima. 

Especificamente se aportan datos que sefialan que la cafia de azicar en 
sitios altos, ademas de recibir los efectos beneficiosos de la radiacién solar 
de igual manera que la que crece a menor altitud, también recibe los efectos 
de una temperatura mas baja durante la noche. 
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The Effect of Soil Conditions on the Sucrose Content 
of Sugarcane 


M. A. Lugo-Lépez' 
INTRODUCTION 


Fundamentally a crop is the combined product of the biological and 
environmental factors at play during the cropping season. In other papers 
it was and will be indicated that the ecological factors of weather and ele- 
vation exert an important influence upon the sugarcane plant and its final 
sucrose content at harvesttime (3, 4)?. The sucrose-yielding potential of 
some 20 leading varieties under various climatic and edaphic conditions 
has also been studied (8). Of the cultural factors, the influence of ferti- 
lizers on sucrose yields has been emphasized especially (10). 

Recent work by Gonzalez Rios and Adsuar (1) has shown the detrimen- 
tal influence of mosaic disease on the sucrose yields of some varieties. 
Landrau and Adsuar (2) reported that chlorotic-streak-infected canes pro- 
duced less cane-tonnage than healthy canes, but their sucrose content re- 
mained unaffected. Martorell and Bangdiwala (9) showed that borer in- 
festation can significantly reduce the sucrose content of cane. Attempts 
have been made to affect the sucrose content of sugarcane through prehar- 
vest foliage sprays with plant growth regulators (5, 7). 

The influence of many other factors remains to be investigated under 
Puerto Rican conditions. The effect of time of planting and harvesting, 
arrowing, liming, irrigation, and a number of other factors offers a promis- 
ing field for research. The adequate regulation of the controllable factors 
affecting the sucrose content of sugarcane still remains a challenge in most 
sugarcane-growing areas. 

This paper presents information on the influence of soil conditions on the 
sucrose content of sugarcane. 


METHODS OF STUDY 


Data were collected from a rather large number of sugarcane fields com- 
prising five broad geographic areas: East-central, northwest-interior, north- 
eastern, northern, and southern. Four distinct farm areas were studied in 
the northern region, namely, Toa, Cambalache, Plazuela, and Loiza. Yield 
records were taken for a number of years (11 years in the east-central, 21 
in the southern, 10 in the northwest-interior, 2 in the northeastern, and 
1 in the northern region) and information was compiled as to varieties, 

1 Associate Soil Scientist, Agricultural Experiment Station, University of Puerto 


Rico, Rio Piedras, P. R. 
2 Numbers in parentheses refer to Literature Cited, pp. 145-46. 
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age of harvest, rainfall, elevation, soil type, and other factors. The soil 
types were determined by superimposing field-distribution maps over de- 
tailed soil-survey maps. Spot-checking of soil types was made by examining 
some profiles in the field either by observations on road cuts or in pits dug 
especially for the purpose, and more extensively by examining the soil pro- 
files with an auger at selected sites. 

The data were then classified by soil types and crop years; in addition, 
the data from the northern region were further subdivided by varieties. 
Analyses-of-variance studies were made of the data from each area. 

Some of the available information was classified according to certain 
properties of the soils which were regarded as indices of their physical, 
chemical, and mineralogical nature. To study the interaction between soils 
and varieties data were taken at random for a limited number of soils for 
which production records were available for at least two varieties. The 
interaction between climate and soil was determined from yield data ob- 
tained in a given soil type occurring extensively in more than one of the 
areas studied. 


DESCRIPTION OF SOIL AREAS STUDIED 


The annual rainfall in the northern, east-central, northeastern, and north- 
west-interior regions ranges from 60 to 75 inches along the immediate coast 
to over 75 inches near the foothills, the heaviest falls of 90 inches or more 
occurring to the east and southeast of the Luquillo mountains. The south- 
ern region receives the least rainfall on the Island, an average of 30 to 40 
inches annually. The annual temperature (below 1,000 feet elevation) aver- 
ages 76° to 80°F. At elevations between 1,000 and 2,000 feet the annual 
temperature averages 71° to 75°F. 

The soils of the east-central and northeastern regions are mostly derived 
from quartz-diorite and granite, but in some cases the parent material con- 
sists of tuffaceous shales and andesites. There are also some areas of organic 
soils. In general, the soils of this area are rather acid and of moderate fer- 
tility. In the lowlands of the east-central region soils are generally imper- 
fectly and often poorly drained, and occasionally claypans are found under- 
lying the plow layer (6). 

In the northwest-interior, soils are derived from two broad groups of 
parent materials: Limestone towards the extreme northern interior and 
tuffaceous rocks toward the western interior. They are generally well- 
drained except for areas of the Chernozemlike soils where drainage is some- 
what restricted. Fertility ranges from moderately low to high. 

In the southern region the soils are neutral or alkaline, rather deep, and 
very fertile. They are derived from a variety of materials. As a rule, irriga- 
tion is necessary to raise crops profitably. 


and 
pers 
ele- 
inal 
of 
ions 
rti- 
‘les. 
0- 
Tre- 
in- 
pts 
der 
ng, 
nis- 
ors 
ost 
the 
m- 
th- 
in 
eld 
21 
nd 
eS, 
rto 


—'soN sodA} [10s Jo suvaw | Tos 


= 6 8 L 9 
oO asoions | [10g 
— SON Jo suvaul usamjaq | ToS 
° 
=) 


| 
q 
i 


FFECT OF SOIL CONDITIONS ON SUCROSE CONTENT OF SUGARCANE 135 


E 


OZIT ST Avpo AUIS Boone 
LI 91 st or spree | ‘on 
asoions 
—'SON sodA} [IOs Jo suvaw Tos 


| 
| 
> | 
| 
> | 
| 
| 
| 
| | 
| 
| 
4 
| 
| 
| | 


136 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 


In the northern region the soils range from well-drained to poorly drained _ 
and from moderate to high in fertility. They are acid, and derived from _ 
limestone, tuffaceous rocks, and a variety of other materials. 


RESULTS AND DISCUSSION 
SUCROSE-YIELDING POTENTIAL OF VARIOUS SOILS 


Tables 1, 2, and 3, give the mean yields, including differences between 
means of available 96° sugar-percent-cane of sugarcane grown in various 
soil types for a number of years in three broad geographic areas. Wide 
differences are apparent in the sucrose content of cane from different soils. 

Table 1 reveals that the lowest sucrose yields are obtained in such low- 
lands soils as those of the Reparada, Palmas Altas, Caguas, and Aguadilla 
series, where the water table is generally at a high level throughout the 
year. In the alluvial soils of the Coloso and Toa series, considered the best 
sugarcane soils of the humid section of the Island, yields of approximately 
11.3 percent are common. In other soils of rather hilly and undulating re- 
lief, such as the Las Piedras and Juncos soils, not rated as good cane soils 
as the level alluvial lands, yields of 11.95 and 11.80, respectively, have been 
consistently obtained over a period of years. 

In southern Puerto Rico (table 2) the San Antén, Paso Seco, and Descala- 
brado soils yield canes of significantly lower sucrose concentrations than 
the rest of the soils comprised in the study. However, the sucrose yields 
obtained in this region were higher in every single soil than in the highest 
sucrose-yielding soils of the east-central region. This fact can be explained 
on basis of the climatic differences pointed out in a previous paper (38). 
Weather and climate are the predominant factors in determining cane and 
sucrose yields in an area, but within a given area of more or less uniform 
climatic conditions the differences in soil properties may bring about sig- 
nificant differences in sucrose concentrations. 

Table 3 shows the mean sucrose yields obtained over a number of years 
on 12 different soil types and soil complexes in the northwest-interior region 
surrounding Central Plata. This is another area where sucrose yields are 
generally high, presumably because reduced rainfall and low night tempera- 
tures, both conducive to high sucrose accumulations, are predominant dur- 
ing the period just prior to the harvest (3). However, there were significant 
differences in the sucrose-yielding potential of the various soils. Except in 
the Toa, Soller, and the Soller-Santa Clara-Camagiiey complex, sucrose 
yields were over 12.5 percent and compared very favorably with yields from 
southern Puerto Rico. 

The analyses of the total sum of squared deviations of the sucrose data 
obtained from the three sugarcane-producing regions already discussed are 
presented in table 4. The results further indicate the dominant influence of 
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TaBLE 4.—Analysis of the total sum of squared deviations for the sucrose yield data 
obtained from 3 broad sugarcane-producing regions in Puerto Rico 


Source Degrees of freedom Sum of squares | Mean square F value! 
East-central region 
Total 1,171.69 | | 
Soils | 18 | 191.72 | 10.65 &.9F* 
Years | 10 | 125.45 12.54 10.50** 
Error 715 854.52 1.09 | 
Southern region 
Total | 1,777 | 2,556.63 | 
Soils | 8 75.04 | 9.38 | $.077" 
Years | 2000 | 447.58 22.38 | 19.24** 
Error | 1,749 2,084.01 | 1.16 | 
Northwest-interior region 
Total | 2,210 | 2,999.75 | 
Soils 302.64 27.51 34. 
Years’ | 9 | 973.63 108.18 137 .46** 


Error 2,190 | 1,723.47 18 


1** Highly significant. 


weather, as exemplified by the high significance of the variations due to 
years. Moreover, the differences in the sucrose-yielding potential of the 
soils within each region are also highly significant. 

Table 5 gives mean sucrose yields for two crop years and three varieties 
in various soils of the northeastern region. The study of the data corre- 
sponding to the 1951 crop and variety P.O.J. 2878, revealed significant 
differences in the sucrose-yielding potential of various soils. No significant 
differences were measured either in the three soils where yield records of 
P.R. 902 were available, or in those of B.H. 10(12) for the 1952 crop. 

Data on the sucrose yields of sugarcane in four broad farm areas in north- 
ern Puerto Rico are given in table 6. In Cambalache for 1951, significant 
differences in the sucrose-yielding potential of soils were measured in fields 
growing both M. 275 and P.O.J. 2878. Some areas of the Toa and Coloso 
soils, considered among the top-ranking sugarcane soils of the area, pro- 
duced cane with low sucrose contents, dropping to extremes of about 8.5 
percent. Other types within the Toa soil series produced better yields, in- 
dicative of the large variability among and within soils. In the Lofza area 
the Toa soils produced yields inferior to those of the Colosos, at least for 
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-s TABLE 5.—Mean sucrose yields of sugarcane grown in various soils of the northeastern | TABLE 
: region of Puerto Rico for the crop years 1951 and 1952 
Soil type Variety Mean sucrose yields hia 
1951 crop year — 
Percent Cambs 
Fortuna clay 'oam, stony phase................... P.O.J. 2878 11.50 
Palmas Altas clay, poorly drained phase.......... do. 9.91 
= Lot 
: 1952 crop year 
Micara silty clay do. 9.45 Pla 


the 1952 crop. Consideration must be given to the fact that the Toa fine 


J sandy loam included in this study occurs in low positions and is usually sub- 
: ject to frequent overflows. Unless deep drainage ditches are dug at intervals 
: to maintain the water table low, the excess moisture is likely to promote a 


rank growth of foliage, and the cane juices are lower in sucrose content. 
No significant differences were measured in yields of variety P.O.J. 2878 
in the Plazuela area. However, both M. 336 and M. 275 yielded juices of 
significantly lower sucrose contents in the Toa than in the Coloso soils. In 
the Toa area, no significant differences were measured for the 1951 crop in 
the Toa, Coloso, and Sabana Seca soils from which M. 275 was harvested. 


EFFECT OF SOIL CONDITIONS ON SUCROSE CONTENT OF SUGARCANE 141 


Taste 6.—Mean sucrose yields of sugarcane grown in 4 broad farm areas of the north 
coast of Puerto Rico for the years 1961 and 1952 


Mean 

Farm area Year Soil type Variety sucrose 
yields 

Percent 

Cambalache| 1951 | Coloso silty clay loam M. 336 12.05 
Toa silt loam M. 275 11.81 
Toa silty clay loam do. 10.81 
Toa fine sandy loam do. 10.58 
Pifiones clay loam, poorly drained phase do. 10.28 
Coloso silt loam do. 10.24 
Coloso silty clay loam do. 9.40 
Coloso clay loam do. 9.13 
Toa loam do. 8.60 
Coloso loam do. 8.49 
Tanamé clay, stony phase P.O.J. 2878 | 11.80 
S&bana Seca silty clay loam do. 10.18 
Toa silty clay loam do. 9.35 
Coloso loam do. 8.61 
Sabana Seca clay do. 8.43 
Lofza 1952 | Toa clay loam do. 11.22 
Coloso silty clay loam do. 10.85 
do. M. 336 11.96 
Coloso clay do. 11.53 
Toa fine sandy loam do. 11.02 
Sd&bana Seca clay do. 10.81 
Coloso silty clay do. 10.16 
Coloso silty clay loam P.O.J. 2878 | 10.60 
Coloso silty clay do. 10.54 
Coloso clay do. 10.53 
Toa fine sandy loam do. 9.54 
Plazuela Coloso silty clay loam M. 275 10.60 
Coloso clay, poorly drained phase do. 10.59 
Toa loam do. 9.52 
Coloso silty clay M. 336 11.09 
Toa loam do. 9.71 
Pifiones silty clay P.O.J. 2878 | 10.48 
Coto sandy clay do. 10.26 
Vega Alta sandy clay do. 10.25 
Bayamén sandy loam do. 10.21 
Coloso clay, poorly drained phase do. 10.03 
Bayamén sandy clay do. 9.29 


Coloso silty clay loam 
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TABLE 6—Continued 


| Mean 

Farm area Year Soil type Variety | sucrose 
yields 

Percent 

Toa 1951 | Sdbana Seca clay M. 275 11.93 
Toa clay do. 11.81 

Coloso silty clay do. 11.54 

Coloso clay | do. 11.40 

Coloso silty clay loam do. 

Toa silt loam do. } 11.14 

Coloso clay do. 1113 

Coloso silt loam do. 11.00 

Moca clay loam P.O.J. 2878 | 12.41 

Toa silt loam do. 12.02 

Vega Alta clay do. 11.68 

Colinas clay loam do. 11.64 

Moca clay do. 11.39 

Coloso clay do. 11.27 

Colinas clay loam, stony phase do. 10.57 


In the same crop year and area cane grown on the Moca soils outyielded 
all others with a mean sucrose percentage of 12.41, the highest measured 
for the whole northern area, all four farm areas included. The Moca soils 
of the northwest-interior (table 3) also had a good sucrose-producing 
potential, although they were not the best in that area. 


SPECIFIC SOIL PROPERTIES AND THEIR EFFECT ON SUCROSE YIELDS 


The variation in the sucrose-yielding potential] of the different soils within 
a given geographic region has been emphasized. This variation must be 
attributable to the variation in intensity of some factor closely associated 
with the soil. An attempt was made to relate the sucrose-yielding potential 
to some soil properties and allied factors on which specific information was 
available for the areas considered in this study. Soil drainage was taken as 
an index of the physical condition of the soils. Soil reaction was regarded as 
an index of the chemical properties. Advantage was taken also of available 
information relative to parent material and physiographic position. Table 
7 summarizes the results of this approach to the problem. 

In general, lower sucrose yields were obtained from sugarcane growing in 
poorly drained soils rather than in their better drained equivalents within 
the same geographic district. Furthermore, better sucrose yields were ob- 
tained in soils which were neutral to alkaline in reaction than in acid soils. 
Table 7 further shows that better sucrose yields were obtained in areas of 
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TaBLE 7.—The influence of soil drainage, reaction, and other factors on the sucrose 
content of sugarcane 


Soil characteristic | Number of crops | Mean sucrose yields 
Drainage 
| Percent 
Reaction 
Neutral | 1,778 12.9 


Granitic and tuffaceous materials. .... 788 


Physiografic position 


soils derived from limestone than in adjoining soil areas where tuffaceous 
and granitic materials constituted the parent material of the soils. Richer 
canes were usually harvested from hilly soils than from nearby alluvial- 
plain soils. 

Specific information was not available at the time this survey was con- 
ducted to permit the study of the relationship of soil sucrose-yielding poten- 
tial to other important soil properties. However, the information presented 
clearly points to the influence of some factor closely connected with the soil 
and which has a great bearing on the sucrose-yielding potential. 


INTERACTION OF SOILS AND VARIETIES 


From the data available for this study it was evident that, in general, 
some soils have a higher sucrose-yielding potential than others. This poten- 
tial difference, of course, can be explained on a basis of soil-associated factors. 
However, it was also observed that some varieties performed better than 
others in a given soil or group of soils. Table 8 presents data taken at ran- 
dom for a limited number of soil types showing this variation within soils 
attributable to varieties. Variety B.H. 10(12) yielded canes of higher su- 
crose content in all the soils selected than did P.O.J. 2878. This is in agree- 
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TaBLE 8.—Comparison of the sucrose yields of 2 sugarcane varieties in 4 different soils 
of Puerto Rico 


Sucrose yields of variety— 
Soil 
B.H. 10(12) P.O.J. 2878 
Percent Percent 


ment with data previously presented comparing the behavior of 20 selected 
varieties within three broad climatic areas (8). Variety P.O.J. 2878, how- 
ever, yielded more sucrose in the Toa than in the Candelero soils, whereas 
variety B.H. 10(12) yielded more in the Candelero than in the Toa. 


INTERACTION OF SOILS AND CLIMATE 


Data were obtained relative to the sucrose-yielding potential of some 
soils occurring in more than one area of those included in this study. The 
following tabulation shows the sucrose yields of P.O.J. 2878 harvested from 
fields of Toa clay loam occurring in three of the areas considered. 


Climatic area Mean sucrose yields 
Percent 
Northwest-interior 12.31 
East-central 11.36 
Northern 11.22 


The highest sucrose yields were obtained in the northwest-interior area. 
All three areas are characterized by rather heavy rainfall, but there is a 
more definite dry season corresponding to the harvesting period in the 
northwest-interior region. Moreover, night temperatures are lower through- 
out the year. Both of these factors are conducive to higher sucrose produc- 
tion and accumulation. Therefore, within a given area the sucrose-yielding 
potential of a given soil’is limited by the other ecological forces at play. 


SUMMARY 


Data are presented herein to show the influence of soils and soil condi- 
tions on the sucrose yield of sugarcane. Information derived from five broad 
geographic areas of Puerto Rico, namely: North, south, northeast, east- 
central, and northwest-interior, was analyzed critically. There were signifi- 
cant differences in the sucrose-yielding potential of several commercial 
sugarcane varieties among some soils within each area. These differences 
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re attributable to variations in the properties of the various soil types or 
~ complexes, or to some factor closely connected with the soil like drainage, 
~ chemical reaction, and so on. 


Some varieties produced higher sucrose yields than others even when 
growing under similar edaphic conditions. Different varieties of sugarcane 
produced their maximum yields in different soils, thus indicating a certain 
degree of variability and adaptation to the soil, as far as this factor was 


concerned. Within a given area the sucrose-yielding potential of a given 


soil may be modified considerably by the dominant climatic conditions. 


RESUMEN 
En este trabajo se presentan datos que demuestran cémo influyen el 


_ suelo y sus propiedades sobre los rendimientos de sacarosa de la cafia de 
 aaicar. Al hacer los andlisis estadisticos de los datos obtenidos en las zonas 


norte, sur, noreste, este-central y noroeste del interior, se encontraron 
diferencias significativas en cuanto a la produccién de sacarosa en los distin- 


_ tos suelos, dentro de una zona especffica. Estas diferencias pueden atribuirse 
_ avariaciones en las propiedades de los suelos 0 a las de algtin factor estrecha- 


mente relacionado con los suelos. 

Se observé que algunas variedades tienen mayor contenido de sacarosa 
que otras, atin desarroll4ndose en condiciones edaficas mas o menos iguales. 
Variedades distintas pueden producir su maximo rendimiento de sacarosa 
en distintos suelos, lo cual indica una variabilidad de adaptacién en este 


_ respecto. Dentro de una zona en particular el efecto de los suelos sobre la 


produccién de sacarosa de la cafia de azticar esté sujeto a modificaciones 


por los factores climaticos predominantes. 
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RESEARCH NOTES: 


| PHOSPHORUS CONTENT OF PINEAPPLE JUICE 


The phosphorus content of the pineapple juice prepared from the eradica- 
ior meat is higher than that of the juice prepared from the corresponding 
wlinders of the fruit. The determinations of phosphorus were made using 
the photometric method of Wolf?. The quantity of phosphorus present 
in 13 different juices prepared from the eradicator meat had an average of 
15.9 mg./100 ml. The quantity found in the juices prepared from the 
cylinders of the same fruit had an average of 11.4 mg./100 ml. The results 


_ were analyzed statistically and showed a very significant difference. 


Rafael Santini, Jr. 


1 Beginning with this issue of the Journal there will appear in this department, 
whenever available, brief accounts of research findings which, while of importance, 


would not sustain a formal article. 
*Wolf, B., Ind. Eng. Chem. Anal. Ed. 16 (2) 121-23 1944. 
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